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(54) Mask repair 

(57) A method for repairing SCALPEL masks is 
described In particular, opaque defects are repaired by 
milling with a gallium beam at a sufficient energy to 
ensure appropriate Implantation of gallium into the. 
membrane underlying the blocking material. TVanspar- 

FIG. 



ent defects are repaired using a gallium beam that 
Impacts styrene gas in the vicinity of the defect to be 
repaired. 
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Description 

BflgKgrPMnti of ffre Invention 

1. Technical Field 

[0001] This Invention relates to the fabrication of 
lithographic masks and, in particular, the fabrication of 
scattering lithographic masks utilized In device fabrica- 
tion. 

2. Art Background 

[0002] In the fabrication of devices, e.g., semicon- 
ductor devices or optical devices, it is generally neces- 
sary to configure on a substrate a region (e.g., a metal, 
semiconductor or dielectric region) in a specific spatial 
pattern and location. (A substrate Is a mechanically sta- 
ble body including, e.g., semiconductor regions and/or 
metal regions and/or dielectric regions formed on a sup- 
porting body such as a glass plate or on a membrane 
deposed across a supporting structure.) The positioning 
and/or patterning of these regions Is generally accom- 
plished by a lithographic process. In this process a 
mask is utilized to Image energy in the desired pattern 
onto a substrate surface that has been coated with a 
material sensitive to the Incident energy. The mask In 
this exposure step is, in one procedure, placed In con- 
tact with or In close spatial relation to the substrate. 
Alternatively, the mask pattern is projected onto the 
substrate. 

[0003] After exposure, development of the energy 
sensitive material is performed to selectively remove 
either the exposed, or unexposed regions, of the resist 
material. (For a negative resist the unexposed region is 
removed while for a positive resist the exposed region is 
removed.) Generally, a solvent or energetic entitles from 
a plasma are employed to effect this removal. The 
resulting, patterned energy sensitive material, i.e., 
resist, is employable as a processing mask for accom- 
plishing the processing, e.g., selective doping, etching, 
oxidizing of or deposition onto the underlying substrate 
regions. 

[0004] A mask designed to be used in photolithog- 
raphy, i.e., lithography using light In the spectral range 
160nm to 450nm, generally includes a patterned metal 
or metal oxide film. Materials such as chromium, chro- 
mium oxide, tungsten, molybdenum dlslRcide, magne- 
sium fluoride or nickel are typically used for 
photomasks. These materials are commonly formed in 
a layer thickness of approximately 600 Angstroms to 
1000 Angstroms for photomasks on a transparent sub- 
strate such as a quartz glass substrate that is generally 
0.250 Inches thick. (In the context of this disclosure, the 
terms transparent and blocking refer to the energy that 
is used in inducing reaction in the resist material to be 
exposed. For a material region of the mask to be con- 
sidered blocking, ft should, in the lithographic tool, lead 
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to an attenuation of energy reaching the substrate that 
is at least tenfold less than energy impacting the sub- 
strate in an equal area of the nearest region where 
* exposure of the resist is desired. If a region Is not block- 

$ ing, it is considered transparent) The metal or metal 
oxide film of a photomask Is typically patterned by 
depositing a resist material sensitive to electrons or 
photons onto its surface, exposing this resist material 
with a directed electron beam or laser, developing the 

io exposed resist to form the desired pattern and transfer- 
ring the pattern using, for example, etching to the under- 
lying metal or metal oxide layer (see, D. J. Elliott, 
Integrated Circuit Fabrication Technology, McGraw-Hill, 
New York, 1982, for a description of the fabrication of 

is photomasks). 

[0005] In recent years, a new form of projection 
electron lithography denominated SCALPEL (Scatter- 
ing Angular Limited Projection Electron Lithography) 
has been developed. In this form of lithography, the 

20 mask has blocking and transparent regions. However, 
the blocking regions are built to allow a substantial level 
of incident electrons to traverse and emerge from the 
mask through scattering. (For a description of SCAL- 
PEL lithography, see L. R. Harriott, "Scattering with 

25 Angular Limitation Projection Electron Beam Lithogra- 
phy for Suboptical Lithography", Journal of Vacuum Sci- 
ence and Technology. B 15(6), 2130 (1997) which Is 
hereby Incorporated by reference.) The transparent 
regions also allow electrons to traverse the mask and 

30 emerge but Induce scattering to a lesser extent. Gener- 
ally a thin membrane such as a silicon nitride mem- 
brane Is supported at its periphery and functions as 
transparent regions, while patterned metal regions such 
as tungsten supported on, or deposed under, the mem- 

35 brane (with reference to the electron source) acts as 
blocking regions, A filter placed at the back focal plane 
(or conjugate plane) of the projection lens differentiates 
the electrons passing through blocking regions from 
those passing through transparent regions of the mask. 

40 Through this differentiation, electrons either passing 
through the blocking regions or electrons passing 
through the transparent regions are allowed to reach 
the resist. 

[0006] In the manufacture of masks, transparent 
45 defects such as pin holes or entire missing portions in 
blocking regions often occur. These defects, in turn, 
cause defects In the Integrated circuit or other device 
produced when using the mask. Alternatively, opaque 
defects, I.e., unwanted blocking regions that are unln- 
so tended parts of the blocking pattern, also result in 
defects in the final device. Additionally, for a SCALPEL 
mask, a pinhole in the membrane (transparent region)- 
produces a defect that Is manifested as a bright spot in 
the exposure image. This bright spot, depending on its 
ss location, can result In Irradiation in directly adjoining 
regions where the image is potentially distorted. 
[0007] Since the manufacture of masks is generally 
a time consuming and relatively expensive operation 
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especially for scattering masks, it 1b often desirable to 
repair a defective mask by selectively forming blocking 
material on the unwanted transparent region or remov- 
ing an unwanted blocking region. The repair procedure 
is, however, not acceptable unless It Is less costly than 
merely producing another mask. The repair should also 
produce a blocking deposit that Is sufficiently adherent 
to the mask substrate that subsequent processing and 
cleaning during mask fabrication or during subsequent 
use of the mask does not induce loss of the repaired 
material. Additionally, the resolution of the repair proce- 
dure should be at least as good as the desired resolu- 
tion of the mask itself to avoid mask and, in turn, device 
degradation. 

[0008] A variety of processes have been disclosed 
for effecting repair of defects. In one procedure devel- 
oped for optical masks and tor stencil masks employed 
with electron beams, repair of transparent defects is 
effectuated by ion beam induced reaction. In particular, 
a beam of gallium ions is directed at a transparent 
defect An unsaturated gas such as styrene is intro- 
duced Into the path of the gallium ions at the defect. The 
ion beam induces a reaction in the styrene that causes 
a carbonaceous deposit at the defect. This carbona- 
ceous deposit has been found to be an absorber of light 
or electron beams and thus functions to repair transpar- 
ent type defects In masks intended to prevent incident 
energy from traversing blocking regions. (See U.S. Pat- 
ent No. 5,273,849 which is hereby Incorporated by ref- 
erence.) 

[0009] Repair methods for SCALPEL masks have 
not been reported. However, opaque defects In photo- 
lithographic masks have typically been repaired by 
employing ion milling. In this process, an ion beam e.g. 
a gallium beam, is directed at the opaque defect. Impact 
of the beam on the defect causes removal of the 
unwanted material through momentum transfer and 
subsequent scattering. The beam is traversed over the 
defect until the unwanted blocking material is removed. 
[0010] SCALPEL masks, because they constitute 
blocking regions formed on a relatively thin transparent 
membrane are significantly more difficult to repair than 
typical photolithographic masks. The membrane is sus- 
ceptible to damage that could cause mechanical failure 
of the membrane or a change In its thickness that leads 
to an unacceptable lithographic change. Thus, proce- 
dures such as ion milling present a problem associated 
with such damage. Additionally; use of gallium ions to 
mill opaque defects in photolithographic masks have 
resulted In the production of opaque regions in the por- 
tion of the quartz substrate bombarded by the beam 
after the opaque defect is removed. This undesired 
opacity In the quartz Is removed by subsequent etching 
of the surface quartz to remove the substantial thick- 
ness of quartz damaged by the ion milling. Although the 
resulting photomask is quite acceptable, a similar reme- 
diation process tor a SCALPEL mask is not acceptable 
because the thickness of the membrane, e.g. typically 



70 to 150nm, does not permit the required subsequent 
etching. 

[0011] Similarly, any repair of a transparent defect 
Including a membrane pinhole in a SCALPEL mask 

5 must have suitable density thickness and atomic 
number of its constituent atoms so that the mask is not 
lithographically compromised. Thus, any material used 
to repair a transparent defect must scatter to the same 
extent as the surrounding mask material (e.g. mem- 

w brane or blocking region) rather than block the incident 
electrons. Thus, substantial problems are presented by 
the repair of SCALPEL masks relative to photolitho- 
graphic masks. 



[0012] It has been found that a SCALPEL mask is 
repairable (both transparent -including membrane pin- 
holes - and opaque defects) by using procedures 
Involving gallium entity beams. (A gallium entity is one 
that contains a gallium atom irrespective of its charge 
state and irrespective of how, if at all, it is bound.) Sur- 
prisingly, opaque defects are removable using a gallium 
entity beam without unacceptable damage to the under- 
lying membrane and without inducing unacceptable 
Increase in the degree of scattering induced by the 
repaired region. Although the beam does remove a por- 
tion of the membrane, by employing an appropriate 
acceleration voltage for the gallium, implantation of the 
gallium in the membrane occurs. It Is contemplated that 
this implantation lithographically corrects at least in sub- 
stantial part for the portion of the membrane removed 
during the milling process. 

[0013] Equally surprisingly, the interaction of a gal- 
lium beam with styrene result In deposits that with 
appropriate adjustment of thickness have equivalent 
scattering properties to both the membrane and the 
blocking regions, so that effective repair is achieved 
without unacceptable degradation of lithographic prop- 
erties. For example, a 1000A thick deposit formed by 
the Interaction of a gallium beam with styrene has 
essentially equivalent scattering properties to a 275A 
thickness of tungsten blocking region and an 80nm thick 
deposit has equivalent properties to a 1Q0nm thick sill- 
con nitride membrane. As a result, the repair of SCAL- 
PEL masks Is possible both for transparent and opaque 
defects using a gallium beam either in the presence of 
styrene to repair transparent defects or in the absence 
of styrene to repair opaque defects. Thus, both opaque 
and transparent type defects are repairable In the same 
chamber without a break in vacuum. Accordingly, 
SCALPEL masks are efficlentiy repaired without unac- 
ceptable degradation of lithographic properties. 
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Brief Description of the Drawing 
Detailed Description 

[0014] As discussed, the use of a beam formed 5 
from gallium entities is employable for repairing both 
opaque, and transparent defects in a SCALPEL mask. 
For pedagogic purposes, repair of transparent defects 
will be discussed first (Such repair includes procedures 
relating to both pinholes in the membrane and defects In 
the blocking regions.) Subsequently, the repair of 
opaque defects will be discussed. 
[0015] Defects In the context of a transparent error 
In the mask should be carefully defined. Defect Is an 
unintended artifact in the mask that leads during lithog- 
raphy to an undesired feature in the resist layer that Is 
ultimately transferred Into the underlying material layer 
through, for example, ion implantation or etching. Thus, 
any mask artifact that produces a feature that unaccept- 
ably degrades the performance of the device ultimately 
to be manufactured, is considered a defect Typically, 
pinholes In the membrane regions not overlain by block- 
ing material are detects, I.e., result In unacceptable 
device performance if they have an effective diameter 
larger than the minimum feature size on the mask. 
(Effective diameter Is the diameter of a circle having the 
same area as the pinhole. Additionally, overlying In the 
context of this application is a material that is closer to 
the source of electrons than the materia) overlain when 
the mask is Inserted in the lithographic tool) Defects in 
the blocking regions that lead to unacceptable device 
degradation depend upon the design rule of the device. 
(Design rule in this context is the minimum feature size 
- typically the length of the gate.) Generally, for design 
rules in the range 30 to 200nm, an opaque defect is a 
region of blocking material that is 1) of adequate thick- 
ness to scatter electrons sufficiently so that a contrast 
greater than 50% Is produced relative to non-blocking 
regions and that 2) covers an area of the membrane 
greater than the minimum feature size resulting in an 
undesired portion in the final pattern. 
[0016] As previously discussed, SCALPEL masks 
include a membrane typically overlain (or possibly 
underlain) by blocking regions. To repair a transparent 
defect, such as a spatial area of the blocking region, 
deposition of a carbonaceous material containing gal* 
Hum Is Induced. This process Involves Impacting styrene 
with a gallium entity beam. (Gallium entities include 
both ions of gallium, and neutral gallium atoms, as well 
as clusters of gallium atoms.) The thickness of the ulti- 
mate deposit should be sufficient to produce scattering 
of incident electrons that is equivalent to the scattering 
of electrons of essentially the same energy Induced by 
respectively the membrane or the blocking region 
depending on the type of transparent defect to be 
repaired. (Equivalent scattering in this context means 
the contrast at the area of the substrate corresponding 
to the mask repair region has a contrast relative to a 



proximate region of the substrate corresponding to a 
transparent region of the mask that is at least 80% of 
that contrast measured for a mask of the same pattern 
that does not require a repair in the subject region.) It Is 
possible to determine the degree of scattering (degree 
of scattering being defined as percentage contrast rela- 
tive to an equivalent feature requiring no repair) for a 
specific thickness of the deposited gallium containing 
material deposited under specific conditions through 
use of a controlled sample. In particular, samples of var- 
ious thicknesses are deposited employing the parame- 
ters such as current, spot size, dwell time and gas 
pressure to be employed In the ultimate repair. The con- 
trast Induced by such samples are then determined by 
calculations as described in M. M. Mhrtchyan et al., 
"Electron Scattering and Transmission through SCAL- 
PEL Masks", Journal of Vacuum Scie nce and Technol- 
o gy. BJ^(6), 3385 (1998) or by measurement in a 
transmission electron microscope using the same elec- 
tron energy as that contemplated for the ultimate SCAL- 
PEL lithography to be employed. A plot of contrast 
versus thickness allows choice of a thickness to pro- 
duce equivalent scattering of a region repaired. Typi- 
cally, membranes formed from materials such as silicon 
nitride having thicknesses in the range of 50 to 200nm 
require deposited thickness in the range 30 to 1 75nm 
for the typical deposition parameters employed. Simi- 
larly, blocking regions formed for example of tungsten 
having thicknesses In the range 20 to 50nm require 
deposited thicknesses In the range 50 to 200nm to pro- 
duce a region of equivalent scattering. Significantly, the 
deposition thicknesses generally required for the repair 
of both membrane and blocking region transparent 
defects Is within a practical range. 
[0017] In one embodiment, the specific process for 
forming the desired deposits Is described In U.S. Patent 
No. 5,273,849 dated December 28, 1993, which is 
hereby incorporated by reference. Typically, styrene gas 
Is Introduced at a distance of lOOum to 1mm from a 
defect with the delivery tube having an opening typical 
100um to 1mm In diameter. Generally ft is desirable to 
maintain gas flux by employing a distance approxi- 
mately equal to the tube bore diameter. Distances 
greater than a few millimeters are typically unaccepta- 
ble because the gas flux at the defect is generally unac- 
ceptably low while distances closer than 100|im are 
generally not practical to maintain. Styrene Is Intro- 
duced typically at a pressure measured at the input to 
the delivery tube In the range of 1 to 10 Torn Pressures 
less than 1 Torr generally yield excessively slow deposi- 
tions and indeed even sputter removal while pressures 
greater than 10 Torr lead to undesirable deposition on 
the deposition chamber walls. Typically the molecular 
flux of the gas at the defect Is desirably maintained to be 
approximately equal to the Ion flux from the gallium 
beam. 

[0O18] Generally, the gallium entities employed to 
form the beam are accelerated through a potential dif- 
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ference In the range 10 to 50 kV. Differences less than 
10 kV usually lead to unacceptable spatial resolution 
while voltages greater than 50 kV are typically unac- 
ceptable because implantation of gallium becomes a 
competing process. It is possible once the gallium enti- $ 
ties are accelerated to neutralize the charge by expedi- 
ents such as flood low energy electron beams 
Introduced at the defect being repaired. Typical gallium 
beam currents in the range 10 pA to 10 nA are 
employed to achieve an acceptable deposition rate ro 
using a beam spot size in the range 1 0nm to 200nm. To 
produce appropriate thicknesses to repair defects in the 
membrane or blocking region generally doses in the 
range 0.1 to 1.0 nC/^m 2 are employed. Generally, for 
the suggested beam current and spot size dwell times in 15 
the range 1 to 100psec are employed to yield suitable 
doses. It Is possible to raster scan (or otherwise scan) a 
defect with the gallium beam. In such repair, the time 
between Impact of the beam In a given region and the 
next incidence of such Impact Inducing deposition so 
should be between 1 Ojisec and 1 0msec. 
[0019] As discussed, the specific dose and other 
parameters are chosen to yield a deposit having equiv- 
alent scattering properties to the area repaired. 
[0020] Opaque defects are repaired by milling using 25 
gailium entities. The gallium entitles are produced as 
described with relation to repair of transparent defects. 
Advantageously, the same acceleration voltages are 
employable as are used for transparent defect repair. In 
this manner, a switch between repairing transparent to 30 
opaque defects merely requires terminating the deposi- 
tion gas flow. Generally, no gas is introduced during the 
repair of opaque defects. Nevertheless, it is possible to 
have a background pressure less than 10" e Torr with this 
pressure being due to gases such as nitrogen and other 35 
components of air. Impact of the gallium entities for 
removal of an opaque defect is continued until the repair 
Is effected. Generally, a dose sufficient to remove the 
defect thickness is employed. Most significantly, an inor- 
dinate impact after the defect removal is avoided, so 40 
that the scattering properties of the membrane exposed 
during unwanted blocking region removal is not unac- 
ceptably affected. Electrons accelerated through a 
potential greater than 5kV, and advantageously In the 
range 1 0 to SOkV are generally employed. Typically spot 4$ 
sizes In the range 10 to 200nm are employed together 
with beam currents in the range 10pA to 10nA to yield 
acceptable removal rates. Generally lor these parame- 
ters, defects with materials such as tungsten are 
removed in a time In the range of 1 sec to 1 minute. so 
[0021] The following examples are illustrative of the 
conditions employed In the practice of the subject Inven- 
tion. 

[0022] A SCALPEL mask was fabricated to have a 
series of defects representative of those frequently ss 
encountered in the preparation of such masks. These 
defects included areas where the scattering layer of the 
mask was not present, areas having a scattering layer 
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where none would be desired in normal fabrication 
processes, and pinhole areas missing scattering mate- 
rial where in normal fabrication such material would be 
desired. Each one of such defects was present In a vari- 
ety of sizes ranging approximately from .3 \xm to 1 urn. 
The mask pattern for the three types of programmed 
defects is shown in Figure 1. This mask had blocking 
regions of tungsten approximately 275 A in thickness 
and a chromium layer approximately 60 A in thickness 
underlying the tungsten. Additionally, the mask 
employed a silicon rich silicon nitride (approximately 60 
atom % silicon) membrane. The thickness of this mem- 
brane was approximately 1500A and the membrane 
had a tensile stress of approximately 150 MPa. The 
mask was formed by the process described In Novem- 
bre, A. E., Peabody, M. L. # Blakey, M. I., Farrow, R. C, 
Kasica, R. J.. Uddle, J. A.. Saunders, T, and Tennant. 
D. M., "Fabrication and Commercialization of SCALPEL 
Masks", Proc. SPIE . vol. 3412, R 350, (1998). As 
described In that publication, the mask had grillage with 
membrane regions of 1 mm wide x 12mm long between 
the grills. The entire mask measured approximately 
100mm in diameter. The masks employed were not 
mounted on a silicon support ring. 
[0023] The lithographic process used to make the 
mask blocking region pattern Is described in Novembre, 
A. E„ Blakey, M. I , Farrow, R. C, Kasica, R. J., Knurek, 
C, S., Uddle, J. A., Peabody, M. L., "Pattern processing 
results and characteristics for SCALPEL masks*, Micro- 
electronic Engineering , vol. 46(1 -4), p. 271 , (1 999). The 
resist employed in this lithographic process was ZEP- 
520, which is a resist material sold by Nippon Zeon, and 
is basically a copolymer between a halogenated acr- 
ylate and a-methyistyrene. The resist was spun onto the 
silicon wafer used in mask formation prior to process- 
ing. The resist was subsequently exposed In the pattern 
described above using a JEOL Model 6000 electron 
beam exposure system. A dose of 75jiC/cm 2 was 
employed at an acceleration voltage of SOkV. The expo- 
sure was done with a spot size of approximately 80nm. 
The resist was processed using a preexposure bake of 
1 70°C for 10 minutes in air, and a post develop bake of 
145°C for 30 minutes. The resist was developed using a 
STEAG Hamatech Resist Development System. The 
developer employed was xylene used in a spray spin 
mode and one rinse using 2-propanol. After the rinse, 
the mask was spun dry in air. 

[0024] Once the resist had been processed, the 
resulting pattern was transferred into the underlying 
tungsten layer. This transfer was accomplished In a 
Plasma Therm 770 reactive Ion etcher. The etching gas 
employed was an 85/15 mole percent sulfur hexafluo- 
ride to oxygen mixture. The flow rate (seem) of the gas 
mixture was 45 SF 6 ; 5 0 2 resulting in a partial pressure 
of 1 0 mTorr and a power of approximately 60 Watts uti- 
lizing a 13.6 MHz rf source. The approximate etch time 
was 80 sec. 

[0025] The chromium layer underlying the tungsten 
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layer was then etched utilizing an Immersion bath sold 
by. Cyantek having the formulation ID CR7, which is 
basically a mixture of eerie ammonium nitrate In per- 
chloric add. The mask was immersed for approximately 
two minutes. The resist was then stripped by employing 
an oxygen plasma In the Plasma Therm 770 etcher at 
an oxygen partial pressure of 30 mTorr f a flow rate of 20 
seem and power of 40 Watts for a time period of 7-10 
mln. 

[0026] A series of controlled experiments were per- 
formed to determine the deposition thickness resulting 
from specific conditions employed with styrene gas and 
a gallium beam. The deposition tool employed was a 
Mlcrlon-8000 Focused Ion Beam Mask Repair Tool. 
Each of these controlled samples employed the follow- 
ing conditions: 





Value used 


Ion Source 


Ga+ 


Accelerating Volt- 
age 


30keV 


Beam Current 


08pA 


Spot Size 


50nm (FWHM) 


Current Density 


5A/cm 2 


Pixel Spacing 


75nm 


Dwell Time 


1.0u,sec 


Refresh Time 


1 000ns ec 


Precursor Gas 


styrene 


Qas Pressure 


6x10 _& rorr 


Nozzle Position 


1 mm radial. 


200ujn from mask 



[0027] The time for each deposition was varied so 
that the doses employed ranged from .3nG/cm 2 to 
approximately .6nC/cm 2 . Rgure 2 shows a graph of the 
resulting deposit thickness versus dose. Auger analysis 
of the composition showed an approximate stoichiome- 
try of 30 at % gallium, 65 at % carbon and 5 at % oxy- 
gen, (The carbon and oxygen percentages are 
approximate and together constitute approximately 70 
at.% of the material) 

[0028] A similar series of controlled experiments 
were performed using the same conditions but without 
Introduction of styrene to determine the rate of removal 
of the tungsten blocking material for varying doses of 
gallium. 

[0029] The gallium Ion beam dose was varied from 
,03 nC/cm 2 to 1.5 nC/cm 2 The resulting plot of dose 
versus removal rate showed a slope of 30 A/sec. The 
result for a 0.7um opaque defect employing a dose of 



0.09 nC/cm 2 is shown In Figure 3. 
[0030] Utilizing these controlled samples, It was 
determined that clear defects in the tungsten layer 
should be repaired employing a deposition thickness of 
5 100nm and removal of the opaque tungsten defects 
should employ a dose of .09 nC/cm 2 . Employing these 
repair thicknesses and doses, respectively, the various 
- [0031] defects in the sample mask (described 
above) were repaired. Some defects were left unre- 
io paired for comparison purposes. The mask was then 
positioned in the SCALPEL exposure tool and was used 
to expose a resist coated wafer as described in Novem- 
bre, A. E., Ocola, L, Houlihan, R, Knurek, C, Blakey, 
M., 'New Developments In Resist Materials for' the 
15 SCALPEL Technology", J. Photoooiymer Science and 
Technology, vol. II, No. 3, p. 641 , (1 998). The conditions 
employed were an acceleration voltage of 100kV, the 
dose was approximately 35 iiC/cm 2 with a back plane 
filter aperture of 2mrad relative to the wafer. The resist 
20 employed on the wafer was purchased from Ofin Micro- 
electronic Materials and was a chemically amplified 
resist utilizing a resin formed from poly (hydroxy sty- 
rene), a dissolution Inhibitor employing a t-toutoxycarbo- 
nyloxymethyl protective group and a photoacid 
25 generator constituting triphenylsulfoniun triftate. The 
resist was spun to have a 0.2 u.m thickness. The pre and 
post exposure bake of the resist was at 115°C for one 
minute employing a vacuum hold down hot plate. The 
development was accomplished by immersion In .13N 
30 tetramethylammonlum hydroxide for one minute, and 
rinsed in deionized water for one minute. The resulting 
pattern was inspected using a scanning electron micro- 
scope. The micrographs obtained are shown In Rgure 
4. As can be seen from these micrographs, excellent 
35 repair both of opaque and transparent defects are 
effected. However, in the bottom micrograph on the 
right-most pair some Intrusion occurred solely due to 
misplacement of the mask repair gallium Ion beam and 
not due to any shortcoming of the process. 

AO 

Claims 

1. A process for fabrication a mask useful in lithogra- 
phy wherein said mask comprises two type regions 

45 that scatter electrons to a different extent wherein 
said regions are configured In spatial areas such 
that a pattern is protectable In a lithographic tool 
onto a substrate based on said extent of said scat- 
ter, said process comprising forming a deposit to 

so modify said spatial area at least In one of said spa- 
tial areas, said deposit having a thickness such that 
said deposit scatters incident electrons In an equiv- 
alent manner to said spatial area that was modified, 
wherein said forming of said deposit comprises 

55 introducing styrene In proximity to said spatial area 
to be modified and impacting said styrene with gal- 
lium entities. 
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2. The process of claim 1 wherein one of said regions 
comprised tungsten. 

3. The process of claim 2 wherein one of said regions 
comprises silicon nitride. 5 

4. The process of claim 1 wherein one of said regions 
comprises silicon nitride. 

5. The process of claim 4 wherein said deposit has a 10 
thickness in the range 30 to 1 75nm. 

6. The process of claim 1 wherein said deposit has a 
thickness In the range 30 to 175nm. 

7. The process of claim 1 wherein said styrene is 
introduced at a distance in the range from 100 }xm 
to 1 mm from said spatial area, 

8. A process for fabricating a mask useful In llthogra- 20 
phy wherein said mask comprises two type regions 
that scatter electrons to a different extent wherein 
said regions are configured tn spatial areas such 
that a pattern is projectable in a lithographic tool 
onto a substrate based on said extent of said scat- 25 
ter, said process comprising removal of at least a 
portion of at least one of said areas wherein said 
removal comprises impacting said portion with a 
gallium entity accelerated through a voltage of at 
least 5 kV without subsequent etching by entities 30 
other than gallium entities of said membrane under- 
lying said portion. 

9. The process of claim 8 wherein said electrons are 
accelerated through a potential in the range 1 0 to 35 
50kV. 

10. The process of claim B wherein said area undergo- 
ing said removal comprises tungsten. 

40 

11. A mask comprising a pattern comprising regions of 
two types wherein said regions scatter electrons to 
different extents such that electrons scattered by 
one of said regions are lithographically differentia- 

bla from electrons scattered from the other of said 45 
regions and wherein one of said regions Include a 
material comprising a deposit formed by the Impact 
of gallium entities on styrene. 

12. A mask comprising a pattern comprising regions of 50 
two types wherein said regions scatter electrons to 
different extents such that electrons scattered by 
one of said regions are lithographically differentia- 

ble from electrons scattered from the other of said 
regions and wherein one of said regions includes ss 
Implanted gallium entitles. 
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